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(57) Abstract: Low profile devices and methods for deliv-
ering fluid enhanced ablation therapy are provided herein.
In one embodiment, an ablation device is provided that in-
cludes an elongate body having proximal and distal ends, an
inner lumen extending therethrough and at least one outlet
port formed therein and configured to deliver fluid to sur-
rounding tissue. The device can also include at least one ab-
lation element disposed along a length of the body adjacent
to the at least one outlet port and contigured to deliver en-
ergy to surrounding tissue, as well as at least one heating
element disposed within the inner lumen of the elongate
body. The device further includes a handle having proximal
and distal ends, the distal end of the handle being coupled
to the proximal end of the elongate body. Further, a longit-
udinal axis of the elongate body extends at an angle to a
longitudinal axis of the handle.
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LOW PROFILE FLUID ENHANCED ABLATION THERAPY DEVICES AND
METHODS

FIELD

[0001] This application relates generally to fluid enhanced ablation therapy, and more
particularly, this application relates to improved low profile devices and methods for

administering fluid enhanced ablation therapy.

BACKGROUND

[0002] The use of thermal energy to destroy bodily tissue can be applied to a variety of
therapeutic procedures, including the destruction of tumors. Thermal energy can be imparted
to the tissue using various forms of energy, such as radio frequency electrical energy,
microwave or light wave electromagnetic energy, or ultrasonic vibrational energy. Radio
frequency (RF) ablation, for example, can be effected by placing one or more electrodes
against or into tissue to be treated and passing high frequency electrical current into the
tissue. The current can flow between closely spaced emitting electrodes or between an
emitting electrode and a larger, common electrode located remotely from the tissue to be

heated.

[0003] One disadvantage with these techniques is that maximum heating often occurs at or
near the interface between the therapeutic tool and the tissue. In RF ablation, for example,
maximum heating can occur in the tissue immediately adjacent to the emitting electrode.

This can reduce the conductivity of the tissue, and in some cases, can cause water within the
tissue to boil and become water vapor. As this process continues, the impedance of the tissue
can increase and prevent current from entering into the surrounding tissue. Thus,

conventional RF instruments are limited in the volume of tissue that can be treated.

[0004] Fluid enhanced ablation therapy, such as the SERIFF™ ablation technique (Saline
Enhanced Radio Prequency™ ablation), can treat a greater volume of tissue than
conventional RF ablation. The SERF ablation technique is described in U.S. Patent No.
6,328,735, which is hereby incorporated by reference in its entirety. Using the SERF ablation
technique, saline is passed through a needle and heated, and the heated fluid is delivered to
the tissue immediately surrounding the needle. The saline helps distribute the heat developed

adjacent to the needle and thereby allows a greater volume of tissue to be treated with a
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therapeutic dose of ablative energy. The therapy is usually completed once a target volume
of tissue reaches a desired therapeutic temperature, or otherwise receives a therapeutic dose

of energy.

[0005] Fluid enhanced ablation therapy can be administered to a patient in a variety of
manners. For example, an RF electrode can be introduced into a patient’s body
percutaneously using a needle during a laparoscopic or other minimally invasive surgical
procedure. In such a procedure, a surgeon, doctor, interventional radiologist, or other
medical professional administering the therapy must utilize a medical imaging apparatus to
guide the positioning of the RF electrode at a desired location. Such an imaging apparatus

can also be utilized to monitor the effectiveness of the therapy as the procedure progresses.

[0006] Many medical imaging apparatuses, however, require a patient to be placed in a
space-constrained volume within the apparatus in order to be effectively imaged. X-ray
Computed Tomography (CT) scanners and Magnetic Resonance Imaging (MRI) scanners, for
example, often require a patient to be moved through a small cylindrical opening in the
device. Moving a patient through these devices while long needles and extended
manipulating handles are protruding from their body can be difficult or impossible.
Professionals administering the therapy can be forced to remove the devices from the patient
and subsequently reintroduce them several times in order to successfully image and treat the

targeted area of the patient’s body.

[0007] Accordingly, there is a need for improved low profile fluid enhanced ablation therapy
devices and methods that can be utilized by medical professionals in space-constrained

environments, such as within medical imaging apparatuses.
SUMMARY

[0008] The present invention generally provides low profile devices and methods for
administering fluid enhanced ablation therapy. In particular, the devices and methods
described herein permit surgeons, doctors, radiologists, or other medical professionals to
administer fluid enhanced ablation therapy in space-constrained environments, such as inside
medical imaging apparatuses. The low profile devices and methods of the present invention
can thereby allow continuous or periodic medical imaging of the ablation therapy to
determine positional accuracy and therapy effectiveness without having to remove and re-

introduce any ablation devices being used.
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[0009] In one aspect, an ablation device is provided that includes an elongate body having
proximal and distal ends, an inner lumen extending longitudinally through the elongate body,
and at least one outlet port formed in the elongate body and configured to deliver fluid to
tissue surrounding the elongate body. The ablation device further includes at least one
ablation element disposed along a length of the elongate body adjacent to the at least one
outlet port and configured to deliver energy to tissue surrounding the elongate body. The
ablation device also includes a handle having proximal and distal ends, the distal end of the
handle being coupled to the proximal end of the elongate body. In addition, a longitudinal

axis of the elongate body can extend at an angle to a longitudinal axis of the handle.

[0010] The devices and methods described herein can have a variety of modifications and
additional features, all of which are considered within the scope of the invention. For
example, in some embodiments, the angle between the longitudinal axis of the elongate body
and the longitudinal axis of the handle can be about 90 degrees. In other embodiments, the
angle can be acute, or less than 90 degrees, such that the handle extends at least partially back
towards the distal end of the elongate body. In still other embodiments, the angle can be
obtuse, or greater than 90 degrees, such that the handle extends proximally and farther away
from the distal end of the elongate body. In certain embodiments, for example, the angle
between the longitudinal axis of the elongate body and the longitudinal axis of the handle can
be in a range of about 10 degrees to about 120 degrees. In other embodiments, the angle can
be in a range of about 30 degrees to about 100 degrees, and in still other embodiments the

and can be in a range of about 45 degrees to about 90 degrees.

[0011] In certain embodiments, the handle can include an inner lumen extending
therethrough that can be used to transport fluid and/or electrical power to the distal end of the
elongate body. As a result, in some embodiments, the inner lumen of the handle can be in

communication with the inner lumen of the elongate body.

[0012] The handle itself can have a variety of shapes and sizes. For example, in some
embodiments the handle can be straight along its longitudinal length. In other embodiments,
however, the handle can be contoured along its longitudinal length to better fit within a user’s
hand. Such contouring can also be present in other directions as well (e.g., along a
circumference or width of the handle) to enable a user to more comfortably and accurately
manipulate the ablation device. The size of the handle can also be varied according to

preference to fit a user’s hand by, for example, making the handle longer, thicker, and

3-
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heavier, or smaller, thinner, and lighter, etc. In other embodiments, the handle can include a
surface texture or other surface features to improve a user’s grip of the device. 'This can be
especially useful if the user is wearing surgical gloves or has come into contact with one or

more bodily or cleansing fluids.

[0013] As a result of the fact that the handle is coupled to an elongate body that can be
inserted percutaneously into a patient’s body, the ablation device can also include an insertion
stopping element slidably disposed on the elongate body to prevent over-insertion of the

device.

[0014] In some embodiments, the entire ablation device can be formed from materials that
are non-magnetic (i.e., negligibly affected by or affecting magnetic fields). Forming the
device from non-magnetic materials can allow the device to remain in a patient when imaged
using, for example, Magnetic Resonance Imaging (MRI) scanners that create strong magnetic

fields as part of the imaging process.

[0015] In certain embodiments, the ablation device can further include at least one heating
element disposed within the inner lumen of the elongate body and configured to heat fluid
passing therethrough. The introduction of therapeutically heated fluid into tissue surrounding
the distal end of the elongate body can have several advantages, as is described in more detail
below. The at least one heating element can have a variety of forms but, in one embodiment,
a heating element can include at least one wire and at least one spacer where the at least one
wire is configured to pass energy through the fluid flowing through the inner lumen of the
elongate body. By passing energy through the fluid within the inner lumen of the elongate
body, the fluid’s temperature can be increased due to its natural resistance. The at least one
spacer can be used to maintain the position of the at least one wire within the inner lumen of

the elongate body.

[0016] In another aspect, a method for administering fluid enhanced ablation therapy is
provided that includes percutaneously inserting a distal end of an elongate body of an
ablation device into a patient. The method further includes manipulating the distal end of the
elongate body within the patient using a low profile handle coupled to the proximal end of the
elongate body and having a longitudinal axis that extends at an angle to a longitudinal axis of

the elongate body. The method further includes delivering fluid through the elongate body of
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the ablation device into tissue surrounding the distal end of the elongate body while

simultaneously delivering energy into tissue surrounding the distal end of the elongate body.

[0017] In some embodiments, the method can further include imaging at least a portion of
the patient using a medical imaging apparatus. Furthermore, in some embodiments, imaging
can occur simultaneously with any of the manipulating step and the delivering step.
Accordingly, in some embodiments, the patient can be positioned within the medical imaging
apparatus during at least a portion of the method. Indeed, in some embodiments, both the
manipulating step and the delivering step can be performed inside the medical imaging

apparatus.

[0018] Any of a number of medical imaging apparatuses can be utilized in the methods
disclosed herein. For example, in some embodiments the imaging apparatus can be selected
from the group consisting of an X-ray Computed Tomography (CT) scanner, a Magnetic
Resonance Imaging (MRI) scanner, an ultrasound scanner, and an X-ray scanner. However,
other imaging devices known in the prior art can also be utilized with the methods of the

present invention.

[0019] In certain embodiments, the method can further include heating the fluid inside the
elongate body prior to delivering the fluid into the tissue surrounding the elongate body. As
mentioned above and discussed in more detail below, heating the fluid prior to delivery into

tissue can be beneficial and enhance the effectiveness of the fluid enhanced ablation therapy.
BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The aspects and embodiments of the invention described above will be more fully
understood from the following detailed description taken in conjunction with the

accompanying drawings, in which:

[0021] FIG. 1 is a graphical representation of simulated heating profiles for various forms of

ablation;
[0022] FIG. 2 is a diagram of one embodiment of a fluid enhanced ablation system;

[0023] FIG. 3 is a perspective view of a medical device having an elongate body for use in

fluid enhanced ablation therapys;
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[0024] FIG. 4 is an illustration of one embodiment of a medical imaging apparatus;

[0025] FIG. 5 is a side view of one embodiment of a low profile fluid enhanced ablation

device;

[0026] FIG. 6 is an alternate view of the low profile fluid enhanced ablation device of FIG.
3;

[0027] FIG. 7 is a front view of the medical imaging apparatus of FIG. 4 including the low
profile fluid enhanced ablation device of FIG. 5;

[0028] FIG. 8 is a diagram of one embodiment of a heating element in an elongate body of a

fluid enhanced ablation device; and

[0029] FIG. 9 is a diagram of one embodiment of an electrical circuit for driving a fluid

enhanced ablation device.
DETAILED DESCRIPTION

[0030] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the devices and methods disclosed herein. One or more
examples of these embodiments are illustrated in the accompanying drawings. Those skilled
in the art will understand that the devices and methods specifically described herein and
illustrated in the accompanying drawings are non-limiting exemplary embodiments and that
the scope of the present invention is defined solely by the claims. The features illustrated or
described in connection with one exemplary embodiment may be combined with the features
of other embodiments. Such modifications and variations are intended to be included within

the scope of the present invention.

[0031] The terms “a” and “an” can be used interchangeably, and are equivalent to the phrase
“one or more” as utilized in the present application. The terms “comprising,” “having,”
“including,” and “containing” are to be construed as open-ended terms (i.e., meaning
“including, but not limited to,”) unless otherwise noted. The terms “about” and
“approximately” used for any numerical values or ranges indicate a suitable dimensional
tolerance that allows the composition, part, or collection of elements to function for its
intended purpose as described herein. These terms generally indicate a £10% variation about

a central value. Components described herein as being coupled may be directly coupled, or
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they may be indirectly coupled via one or more intermediate components. The recitation of
any ranges of values herein is merely intended to serve as a shorthand method of referring
individually to each separate value falling within the range, unless otherwise indicated herein,
and each separate value is incorporated into the specification as if it were individually recited.
All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), provided herein is intended merely to
better illuminate the invention and does not impose a limitation on the scope of the invention
unless otherwise claimed. No language in the specification should be construed as indicating
any non-claimed element as essential to the practice of the invention. Further, to the extent
the term “saline” is used in conjunction with any embodiment herein, such embodiment is not
limited to the use of “saline” as opposed to another fluid unless explicitly indicated. Other

fluids can typically be used in a similar manner.

[0032] The present invention is generally directed to low profile fluid enhanced ablation
devices and methods. These low profile devices and methods allow for the administration of
fluid enhanced ablation therapy in space-constrained environments, such as within a medical
imaging apparatus (e.g., a Magnetic Resonance Imaging, or MRI, scanner, etc.). The low
profile devices and methods disclosed herein generally accommodate more tightly
constrained environments by including handles for manipulating the devices that extend at an
angle to the needles or other elongate bodies that are inserted into a patient’s body to
administer the therapy. By extending a handle in a direction that is offset from a longitudinal
axis of the elongate body inserted into a patient, the required clearance space surrounding the

patient’s body can be reduced.

[0033] Fluid enhanced ablation therapy, as mentioned above, is defined by passing a fluid
into tissue while delivering therapeutic energy from an ablation element. The delivery of
therapeutic energy into tissue causes hyperthermia in the tissue, ultimately resulting in
necrosis. 'This temperature-induced selective destruction of tissue can be utilized to treat a
variety of conditions including tumors, fibroids, cardiac dysrhythmias (e.g., ventricular

tachycardia, etc.), and others.

[0034] The SERI™ ablation technique (Saline Enhanced Radio Frequency™ ablation)
described in U.S. Patent No. 6,328,735 and incorporated by reference above, delivers fluid

heated to a therapeutic temperature into tissue along with ablative energy. Delivering heated
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fluid enhances the ablation treatment because the fluid flow through the extracellular space of
the treatment tissue can increase the heat transfer through the tissue significantly. The
flowing heated fluid therefore convects thermal energy from the ablation energy source
further into the target tissue. In addition, the fact that the fluid is heated to a therapeutic
temperature increases the amount of energy that can be imparted into the tissue. Finally, the
fluid can also serve to constantly hydrate the tissue and prevent any charring and associated

impedance rise, as described in more detail below.

[0035] By way of illustration, ablation is often quantified in terms of an administered
thermal dose level, which can be expressed as a particular time during which tissue was
raised to a temperature above 41° Celsius (C) (a generally accepted threshold temperature for
causing irreversible damage to tissue). A number of different methods exist for determining
a therapeutic thermal dose, but Nath, S. and Haines, D. E., Prog. Card. Dis. 37(4):185-205
(1995) (Nath et al.) suggest a temperature of 50° C for one minute as therapeutic. Using this
as a reference, FIG. 1 shows the performance profiles of several ablation techniques by
plotting a simulated temperature profile achieved as a function of distance from an ablation
element, such as an emitter electrode. The first profile 102 illustrates the performance of RF
ablation without the use of fluid enhancement. As shown in the figure, the temperature of the
tissue falls very sharply with distance from the electrode. This means that within 10 mm of
the ablation element the temperature of the tissue is still approximately body temperature
(37° ©), far below the therapeutic temperature of 50° C mentioned above. Furthermore, very
close to the ablation element the temperature is very high, meaning that the tissue will more
quickly desiccate, or dry up, and char. Once this happens, the impedance of the tissue rises
dramatically, making it difficult to pass energy to tissue farther away from the ablation

element.

[0036] A second tissue temperature profile 104 is associated with a second prior art system
similar to that described in U.S. Pat. No. 5,431,649. In this second system, an electrode is
inserted into tissue and imparts a 400 kHz RF current flow of about 525 mA to heat the
tissue. Body temperature (37° C) saline solution is simultaneously injected into the tissue at
a rate of 10 ml/min. The resulting tissue temperature profile 104 is more uniform than profile
102, but the maximum temperature achieved anywhere is approximately 50° C. Thus, the

temperature profile 104 exceeds the 50° C temperature threshold specified for one minute of
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therapy in only a small portion of the tissue. Such a small temperature increment requires

significant treatment time to achieve any therapeutically meaningful results.

[0037] A third tissue temperature profile 106 is achieved using fluid enhanced ablation
therapy. In the illustrated embodiment, an electrode formed from silver/silver chloride is
inserted into tissue and imparts a 480 kHz RF current flow of 525 mA to heat the tissue.
Saline solution heated to 50° C is simultaneously injected into the tissue at a rate of 10
ml/min. The resulting temperature profile 106 is both uniform and significantly above the
50° C therapeutic threshold out to 15 mm from the electrode. Moreover, because the
temperature is uniform within the volume, the thermal dose delivered is also uniform through

the volume.

[0038] The uniform temperature profile seen in FIG. 1 can be achieved by the introduction
of heated fluid into the target tissue during application of ablative energy. The fluid convects
the heat deeper into the tissue, thereby reducing the charring and impedance change in tissue
that occurs near the ablation element, as shown in profile 102. Further, because the fluid is
heated to a therapeutic level, it does not act as a heat sink that draws down the temperature of
the surrounding tissue, as seen in profile 104. Therefore, the concurrent application of RF
energy and perfusion of heated saline solution into the tissue eliminates the desiccation
and/or vaporization of tissue adjacent to the electrode, maintains the effective tissue
impedance, and increases the thermal transport within the tissue being heated with RF
energy. The total volume of tissue that can be heated to therapeutic temperatures is thereby
increased. For example, experimental testing has demonstrated that a volume of tissue
having a diameter of approximately 8 cm (i.e., a spherical volume of approximately 156 cm’)
can be treated in 5 minutes using the fluid enhanced ablation techniques described herein. By
comparison, conventional R can only treat volumes having a diameter of approximately 3

cm (i.e., a spherical volume of approximately 14 cm®) in the same 5-minute timespan.

[0039] In addition, fluid enhanced ablation devices have a greater number of parameters that
can be varied to adjust the shape of the treatment profile according to the tissue being treated.
For example, when using the SERF ablation technique, an operator or control system can
modify parameters such as saline temperature (e.g., from about 40° C to about 80° C), saline
flow rate (e.g., from about O ml/min to about 20 ml/min), RF power (e.g., from about 0 W to
about 100 W), and duration of treatment (e.g., from about ) min to about 10 min) to adjust

the temperature profile 106. Different electrode configurations can also be used to vary the

-
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treatment. For example, an emitter electrode can be configured as a continuous cylindrical
band around a needle or other elongate body, or the electrode can be formed in other
geometries, such as spherical or helical. The electrode can form a continuous surface area, or
it can have a plurality of discrete portions. Still further, the electrode can be adapted for a
mono-polar current flow, or multiple electrodes can be configured for bipolar operation, in
which one electrode (or a portion of an electrode) acts as a cathode and another electrode (or

portion thereof) acts as an anode.

[0040] FIG. 2 illustrates a diagram of one embodiment of a fluid enhanced ablation system
100. The system includes an elongate body 202 configured for insertion into a target volume
of tissue. The elongate body can have a variety of shapes and sizes according to the
geometry of the target tissue. Further, the particular size of the elongate body can depend on
a variety of factors including the type and location of tissue to be treated, the size of the tissue
volume to be treated, etc. By way of example only, in one embodiment, the elongate body
can be a thin-walled stainless steel needle between about 16- and about 18-gauge (i.e., an
outer diameter of about 1.27 mm to about 1.65 mm), and having a length L (e.g., as shown in
FIG. 3) that is approximately 25 cm. The elongate body 202 can include a pointed distal tip
204 configured to puncture tissue to facilitate introduction of the device into a target volume
of tissue, however, in other embodiments the tip can be blunt and can have various other
configurations. The elongate body 202 can be formed from a conductive material such that
the elongate body can conduct electrical energy along its length to one or more ablation
elements located along a distal portion of the elongate body. Emitter electrode 205 is an

example of an ablation element capable of delivering RFF energy from the elongate body.

[0041] In some embodiments, the emitter electrode 205 can be a portion of the elongate body
202. For example, the elongate body 202 can be coated in an insulating material along its
entire length except for the portion representing the emitter electrode 205. More particularly,
in one embodiment, the elongate body 202 can be coated with 1.5 mil of the fluoropolymer
Xylan™ 8840. The electrode 205 can have a variety of lengths and shape configurations. In
one embodiment, the electrode 205 can be a 4 mm section of a tubular elongate body that is
exposed to surrounding tissue. Further, the electrode 205 can be located anywhere along the
length of the elongate body 205 (and there can also be more than one electrode disposed
along the length of the elongate body). In one embodiment, the electrode can be located

adjacent to the distal tip 204. In other embodiments, the elongate body can be formed from

-10-
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an insulating material, and the electrode can be disposed around the elongate body or

between portions of the elongate body.

[0042] In other embodiments, the electrode can be formed from a variety of other materials
suitable for conducting current. Any metal or metal salt may be used. Aside from stainless
steel, exemplary metals include platinum, gold, or silver, and exemplary metal salts include
silver/silver chloride. In one embodiment, the electrode can be formed from silver/silver
chloride. It is known that metal electrodes assume a voltage potential different from that of
surrounding tissue and/or liquid. Passing a current through this voltage difference can result
in energy dissipation at the electrode/tissue interface, which can exacerbate excessive heating
of the tissue near the electrodes. One advantage of using a metal salt such as silver/silver
chloride is that it has a high exchange current density. As a result, a large amount of current
can be passed through such an electrode into tissue with only a small voltage drop, thereby
minimizing energy dissipation at this interface. Thus, an electrode formed from a metal salt
such as silver/silver chloride can reduce excessive energy generation at the tissue interface
and thereby produce a more desirable therapeutic temperature profile, even where there is no

liquid flow about the electrode.

[0043] The electrode 205 or other ablation element can include one or more outlet ports 208
that are configured to deliver fluid from an inner lumen 206 extending through the elongate
body 202 into surrounding tissue (as shown by arrows 209). Alternatively, the electrode 205
can be positioned near one or more outlet ports 208 formed in the elongate body 202. In
many embodiments, it can be desirable to position the electrode adjacent to the one or more
outlet ports to maximize the effect of the flowing fluid on the therapy. The outlet ports 208
can be formed in a variety of sizes, numbers, and pattern configurations. In addition, the
outlet ports 208 can be configured to direct fluid in a variety of directions with respect to the
elongate body 202. These can include the normal orientation (i.e., perpendicular to the
elongate body surface) shown by arrows 209 in FIG. 2, as well as orientations directed
proximally and distally along a longitudinal axis of the elongate body 202, including various
orientations that develop a circular or spiral flow of liquid around the elongate body. Still
further, in some embodiments, the elongate body 202 can be formed with an open distal end
that serves as an outlet port. By way of example, in one embodiment, twenty-four equally-
spaced outlet ports 208 having a diameter of about 0.4 mm can be created around the

circumference of the electrode 205 using Flectrical Discharge Machining (EDM). One

-11-
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skilled in the art will appreciate that additional manufacturing methods are available to create
the outlet ports 208. In addition, in some embodiments, the outlet ports can be disposed
along a portion of the elongate body adjacent to the electrode, rather than being disposed in

the electrode itself.

[0044] The inner lumen 206 that communicates with the outlet ports 208 can also house a
heating assembly 210 configured to heat fluid as it passes through the inner lumen 206 just
prior to being introduced into tissue. Furthermore, the portion of the elongate body located
distal to the electrode 205 or other ablation element can be solid or filled such that the inner
lumen 206 terminates at the distal end of the electrode 205. In one embodiment, the inner
volume of the portion of the elongate body distal to the electrode can be filled with a plastic
plug that can be epoxied in place or held by an interference fit. In other embodiments, the
portion of the elongate body distal to the electrode can be formed from solid metal and
attached to the proximal portion of the elongate body by welding, swaging, or any other

technique known in the art.

[0045] Fluid can be supplied to the inner lumen 206 and heating assembly 210 from a fluid
reservoir 212. The fluid reservoir 212 can be connected to the inner lumen 206 via a fluid
conduit 214. The fluid conduit 214 can be, for example, a length of flexible plastic tubing.
The fluid conduit 214 can also be a rigid tube, or a combination of rigid and flexible tubing.
A preferred fluid for use in the SERF ablation technique is sterile normal saline solution
(defined as a salt-containing solution). However, other liquids may be used, including
Ringer's solution, or concentrated saline solution. A fluid can be selected to provide the
desired therapeutic and physical properties when applied to the target tissue and a sterile fluid

is recommended to guard against infection of the tissue.

[0046] Fluid can be urged from the fluid reservoir 212 into the inner lumen 206 by a pump
216. The pump 216 can be a syringe-type pump that produces a fixed volume flow with
advancement of a plunger (not shown). An example of such a pump is a Model 74900 sold
by Cole-Palmer Corporation of Chicago, IL.. Other types of pumps, such as a diaphragm

pump, may also be employed.

[0047] The pump 216 can be controlled by a power supply and controller 218. The power
supply and controller 218 can deliver electrical control signals to the pump 216 to cause the

pump to produce a desired flow rate of fluid. The power supply and controller 218 can be
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connected to the pump 216 via an electrical connection 220. The power supply and controller
218 can also be electrically connected to the elongate body 202 via connection 222, and to a
collector electrode 224 via connection 226. In addition, the power supply and controller 218
can be connected to the heating assembly 210 through a similar electrical connection, as

described below.

[0048] The collector electrode 224 can have a variety of forms. For example, the collector
electrode 224 can be a large electrode located outside a patient’s body. In other
embodiments, the collector electrode 224 can be a return electrode located elsewhere along
the elongate body 202, or it can be located on a second elongate body introduced into a

patient’s body at a different location.

[0049] In operation, the power supply and controller 218 can drive the delivery of fluid into
target tissue at a desired flow rate, the heating of the fluid to a desired therapeutic
temperature, and the delivery of therapeutic ablative energy via the one or more ablation
elements, such as electrode 205. To do so, the power supply and controller 218 can itself
comprise a number of components for generating, regulating, and delivering required
electrical control and therapeutic energy signals. For example, the power supply and
controller 218 can include one or more frequency generators to create one or more RI signals
of a given amplitude and frequency. These signals can be amplified by one or more RF
power amplifiers into relatively high-voltage, high-amperage signals, e.g., 50 volts at 1 amp.
These RI signals can be delivered to the ablation element via one or more electrical
connections 222 and the elongate body 202 such that R energy is passed between the emitter
electrode 205 and the collector electrode 224 that can be located remotely on a patient’s
body. In embodiments in which the elongate body is formed from non-conductive material,
the one or more electrical connections 222 can extend through the inner lumen of the
elongate body or along its outer surface to deliver current to the emitter electrode 205. The
passage of RF energy between the ablation element and the collector electrode 224 can heat
the tissue surrounding the elongate body 202 due to the inherent electrical resistivity of the
tissue. The power supply and controller 218 can also include a directional coupler to feed a
portion of the one or more RF signals to, for example, a power monitor to permit adjustment

of the RF signal power to a desired treatment level.

[0050] The elongate body 202 illustrated in FIG. 2 can be configured for insertion into a

patient’s body in a variety of manners. FIG. 3 illustrates one embodiment of a medical
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device 300 having an elongate body 302 coupled to a distal end thereof and configured for
laparoscopic or direct insertion into a target area of tissue. In addition to the elongate body
302, the device 300 includes a handle 304 to allow an operator to manipulate the device. The
handle 304 includes one or more electrical connections 306 that connect various components
of the elongate body (e.g., the heating assembly and ablation element 305) to, for example,
the power supply and controller 218 described above. The handle 304 also includes at least
one fluid conduit 308 for connecting a fluid source to the device 300. In the device 300
shown in FIG. 3, the handle 304 extends from the elongate body 302 along a common
longitudinal axis. In other words, the longitudinal axes of the elongate body 302 and the
handle 304 are collinear, or at least parallel. Thus, the overall length of the device 300 is the
combined longitudinal lengths of the elongate body 302 and handle 304. Furthermore, even
more additional overall length may be added to the device as a result of the at least one
electrical connection 306 and fluid conduit 308 that can extend along the same longitudinal

axis from a proximal end of the handle 304.

[0051] The device 300 shown in FIG. 3 can be used in percutaneous or laparoscopic
procedures conducted by interventional radiologists or other medical professionals. These
procedures can provide fluid enhanced ablation therapy to a large number of regions within
the body. However, due to the minimally invasive nature of the procedure (which does not
require a large open incision, but rather a small incision for the elongate body 302 to pass
through), visualizing the procedure can be difficult for the medical professional administering
the therapy. As a result, fluid enhanced ablation therapy is often conducted with the aid of a
medical imaging apparatus to visualize the position of the elongate body’s distal end within

the patient’s body, as well as the effectiveness of the therapy.

[0052] While different medical facilities have access to different imaging apparatuses,
common medical imaging tools employed in combination with fluid enhanced ablation
therapy include, for example, X-ray Computed Tomography (CT) scanners, Magnetic
Resonance Imaging (MRI) scanners, X-ray scanners, and ultrasound scanners. Several of
these scanners, including, for example, CT scanners and MRI scanners, require placing or
moving a patient through a space-constrained environment in order to produce an image of
the targeted therapy site. FIG. 4, for example, illustrates one embodiment of a C'T scanner
400. The CT scanner 400 includes a large scanner housing 402 having a small diameter

cylindrical pass-through 404 that is not much larger than a patient 406. The patient 406 is
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placed on a gurney or sliding tray 408 and subsequently moved back and forth through the
pass-through 404. The X-ray computed tomography equipment in the scanner housing 402
rotates around the outer perimeter of the pass-through 404 and collects X-ray images of the
patient from a variety of angles. Computer software then analyzes the collected images to

construct a model of the patient’s body.

[0053] One difficulty encountered when using a medical imaging apparatus, such as the CT
scanner 400, is that the small diameter pass-through 404 is not large enough to accommodate
a patient having one or more devices, such as device 300, protruding from the patient’s body.
This is the result of the extended length of the device 300. As mentioned above, the fact that
the longitudinal axes of the handle 304 and elongate body 302 are parallel or collinear means
that the overall length of the device 300 is extended. This greater overall length produces a
larger required clearance space around a patient’s body. In many situations, the patient
cannot be moved through the pass-through 404 of the CT scanner 400 without the handle 304
of the device 300 contacting the scanner housing 402, thereby upsetting the positioning of the
device 300.

[0054] This potential interference between ablation and imaging components can require the
removal of any devices, such as the device 300, that may be protruding from the patient prior
to conducting medical imaging. Removing the ablation devices from the patient is
undesirable because it can be difficult to reposition the devices correctly and because it can

be difficult to gauge the therapy progress if the devices are not visible in the images.

[0055] To solve these problems, the low profile devices and methods of the present invention
include a device manipulation handle that extends at an angle to the longitudinal axis of the
elongate body. One embodiment of such a device 500 is illustrated in FIG. 5. The device
500 includes an elongate body 502 and a handle 504 coupled to the elongate body for
manipulating it within a patient’s body. The elongate body 502 can be similar to the elongate
body 202 discussed above. For example, the elongate body 502 can include a proximal end
506, a distal end 508, and an inner lumen extending longitudinally through the elongate body.
Furthermore, the elongate body 502 can include at least one ablation element disposed along
a length thereof adjacent to one or more outlet ports formed in the elongate body that are

configured to deliver fluid into tissue surrounding the elongate body.
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[0056] The handle 504 can extend between a proximal end 510 and a distal end 512. The
distal end 512 of the handle 504 can be coupled to the proximal end 506 of the elongate body
502 such that manipulation of the handle results in corresponding manipulation of the
elongate body. Furthermore, the longitudinal axis of the elongate body 502 can extend at an
angle a to the longitudinal axis of the handle 504. The angle o formed between the elongate
body 502 and the handle 504 can, in some embodiments, be about 90 degrees. Such an angle
extends the handle away from the elongate body 502 similar to a pistol grip and minimizes
the length of the device 500 along the longitudinal axis of the elongate body 502. In other
embodiments, however, the angle o can be acute, or less than 90 degrees, such that the handle
extends partially back toward the distal end 508 of the elongate body 502. In still other
embodiments, the angle o can be obtuse, or greater than 90 degrees, to ease the severity of the
turn that internal conduits must make in routing through the handle into the elongate body.
For example, in some embodiments, the angle o can be in a range of about 10 degrees to
about 120 degrees, while in other embodiments the angle o can be in a range of about 30
degrees to about 100 degrees. In still other embodiments, the angle o can be in a range of

about 45 degrees to about 90 degrees.

[0057] Similar to the elongate body 502, the handle 504 can include one or more inner
lumens extending therethrough to allow electrical and fluid connections 514, 516 to pass
through the handle. To this end, any inner lumens extending through the handle 504 can be

in communication with the inner lumen of the elongate body 502.

[0058] In some embodiments, the device 500 can also include an insertion stopping element
518 slidably disposed on the elongate body 502. The insertion stopping element 518 can
have a larger cross sectional area than the elongate body 502 and can function to prevent
over-insertion of the device 500 into a patient’s body. The insertion stopping element 518
can be configured to slide along the elongate body but retain its position with an interference
fit. In such an embodiment, the insertion stopping element 518 can be set at a variety of
adjustable depths and prevent insertion beyond the set depth during a procedure. The
insertion stopping element 518 can be formed from a variety of materials, including, for
example, rubber or other polymer materials. In certain embodiments, the insertion stopping
element can include a flat or concave distal face configured to abut against a patient’s skin

surface and a sloping proximal face that couples to the distal end 512 of the handle 504.
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[0059] The handle 504 can have a variety of shapes and sizes depending on the preferences
of the user, the size of the elongate body, etc. For example, the handle 504 can be shaped to
extend in a straight line between its proximal end 510 and distal end 512. In some
embodiments, however, the handle can have a contour along a longitudinal length thereof, as
shown in FIG. 5. The contoured shape of the handle can be employed to allow for more
comfortable gripping and manipulation by a user’s hand 520. With regard to size, the handle
can be formed in a variety of sizes but, in some embodiments, can be about 12 cm long and

have a width of about 2.5 cm.

[0060] In addition to various shapes and sizes, the handle 504 can also include various
surface features to enhance the ability of a user to grip and manipulate the device 500. For
example, the handle 504 can include a surface texture over a portion or the entirety of the
handle, or can include one or more surface texturizing features to aid a user in gripping and
manipulating the device 500. For example, FIG. 6 depicts the device 500 from an alternate
view and shows a plurality of grooves 602 formed on the surface of the handle 504 near its
distal end 512. These grooves can provide a surface that more effectively grips, for example,
the thumb of a user’s hand 520, as shown in FIG. 5. Such features can be especially
beneficial for medical professionals wearing surgical gloves that can become covered in

bodily fluids, saline, or other liquids during a procedure.

[0061] The handle 504 can be formed from a variety of materials depending on the intended
use and required strength, stiffness, and other mechanical properties of the handle. For
example, in some embodiments forming the handle (and all other components of the device
500) from a polymer or other non-magnetic material can be preferred so that the device can
operate within the strong magnetic fields developed by an MRI scanner. Exemplary non-

magnetic materials include, for example, polymers, aluminum, copper, and glass, etc.

[0062] A low profile handle according to the invention can reduce the overall length of the
device 500 such that it can be used in combination with medical imaging devices, such as the
CT scanner 400 shown in FIG. 4. FIG. 7 illustrates the reduced clearance space required
around a patient when utilizing an ablation device having a handle that extends at an angle to
the longitudinal axis of an elongate body inserted into a patient. The figure depicts a front
view of the patient 406 being moved through the pass-through 404 in the scanner housing
402 on the sliding tray 408. Inserted into the patient’s body is the device 500 described

above. The handle 504 of the device 500 extends at an angle to the longitudinal axis of the
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elongate body 502 and substantially parallel to a skin surface of the patient. As a result, the
handle 504 is able to move through the pass-through 404 without interfering with the scanner

housing 404, in contrast to the device 200 discussed above.

[0063] As mentioned above, the elongate body 502 coupled to the handle 504 can be similar
to the elongate body 202 described above and can include, for example, one or more ablation
elements disposed along a length thereof and at least one outlet port formed therein for
delivering fluid from the inner lumen into tissue surrounding the elongate body. In some
embodiments, however, the elongate body can also include at least one heating element
disposed within the inner lumen of the elongate body and configured to heat fluid passing
therethrough. Heating the fluid prior to its introduction into the tissue surrounding the
elongate body can have a number of advantages including, for example, imparting a greater
amount of thermal energy into the tissue and preventing the reduction in temperature of the
ablation element upon contact therewith, as discussed above. The heating element can have a
number of different configurations but, in some embodiments, the heating element can
include at least one wire and at least one spacer where the at least one wire is configured to
pass energy through the fluid flowing through the inner lumen of the elongate body. By
passing energy, e.g., RF electrical energy, through the fluid flowing through the inner lumen

of the elongate body, the fluid can become heated due to its natural resistivity.

[0064] FIG. § illustrates one embodiment of a heating element including two wires and two
spacers. An elongate body 802, similar to elongate body 502, having a proximal end and a
pointed distal end 804 includes an inner lumen 806. The elongate body 802 can also include
at least one ablation element, such as emitter electrode 803, that is configured to deliver RF
energy to tissue surrounding the elongate body 802. The electrode 805 also includes one or
more outlet ports 708 configured to deliver fluid from the inner lumen 806 into surrounding

tissue.

[0065] Disposed within the inner lumen 806 is a heating assembly that includes two wires
810, 812 that are suspended a distance apart by one or more spacers 814, 814". The wires
810, 812 can be connected to a power source such that electrical energy can be passed
between the wires through the fluid flowing in the inner lumen 806. The passage of electrical
(e.g., RI) energy through the fluid in the inner lumen 806 can cause the fluid to increase in
temperature due to the natural electrical resistivity of the fluid, similar to the mechanism

discussed above by which tissue surrounding the elongate body can be heated using R

-18-



WO 2014/028287 PCT/US2013/053977

energy. The wires 810, 812 can be formed from any conductive material, similar to the
materials discussed above in connection with the electrode 205. In one embodiment,
however, the wires 810, 812 can be formed from silver wire and can have an exposed
chlorided surface between or adjacent to the spacers 814, 814'. As discussed above, these
materials can participate in an ion exchange process that minimizes the voltage drop across

the wire/fluid interface and prevents excessive heating of the surrounding fluid.

[0066] In order to effectively pass energy through the fluid flowing within the inner lumen
806, in an exemplary embodiment, the wires 810, 812 (or at least the exposed portion of the
wires) are held in an optimum relation to one another by the spacers 814, 814'. This prevents
the wires from contacting each other and producing an electrical short. In some
embodiments, the wires 8§10, 812 are exposed for only a short distance located just proximal
of the electrode 805 and outlet ports 808. As shown in FIG. 8, the wires can be exposed for a
distance d; between the two spacers 814, 814' that are positioned at a proximal and a distal
end of a distal portion of the wires. The distance d; can vary and, in one embodiment, can be
about 5 mm. Proximal to the spacer 814, the wires 810, 812 can be covered in an electrically
insulating material 818 to prevent the passage of electrical energy therebetween. In addition,
the wires 810, 812 can also be prevented from directly contacting the elongate body 802, as
an electrical short can result from both of the wires 810, 812 simultaneously contacting the
electrically conductive elongate body. Accordingly, in some embodiments, the elongate body
802 can be lined with an insulating material 820, such as a plastic tube, liner, or coating

disposed on the inner walls of the elongate body 802.

[0067] The inner lumen 806 can also house one or more temperature sensors to monitor and
assist in controlling the heating of fluid flowing within the inner lumen. The embodiment
illustrated in FIG. 8 includes a chromel-constantan fine-wire thermocouple configured to
float in the fluid distal of the spacer 814' by a distance d,. One skilled in the art will
appreciate that thermocouples are just one example of temperature sensors that can be
employed to measure the temperature of the flowing fluid and that a variety of sensors,
including thermistors and diodes, can also be used. Further, distance d, can vary and, in one
embodiment, it can be about 10 mm. The thermocouple 822 can also be disposed a distance
d; proximal to the electrode 805 and outlet ports 808. While this distance can vary as well, in
one embodiment, the distance ds is about 2 mm. The distances d;, d,, and d3 (and the

corresponding positions of the spacers 814, 814") can be chosen to allow for sufficient heating
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of fluid flowing in the inner lumen 806, as well as to allow sufficient mixing of the heated
fluid prior to flowing through outlet ports 808 so as to assure that the fluid being injected into
tissue surrounding the elongate body 802 has a uniform temperature. However, the distances
d; and ds should be minimized such that heating of the fluid flowing within the inner lumen
806 occurs as close to the outlet ports 808 as possible. This configuration minimizes the
thermal losses and unintentional environmental heating associated with transporting heated

fluids from remote locations within a patient’s body.

[0068] FIG. 9 illustrates an exemplary electrical circuit for delivering RF energy to both
tissue surrounding the elongate body 802 and fluid flowing through the inner lumen 806 of
the elongate body 802. In the illustrated embodiment, two separate power sources 902, 904
are utilized to deliver electrical energy including, for example, RF energy. The power source
902 can be connected to the two wires 810, 812 running through the inner lumen 806 of the
elongate body 802. By passing electrical current through the wires, energy can be transmitted
through the fluid flowing within the inner lumen 806 between the exposed portions of the

wires 810, 812.

[0069] The power source 904 can be connected to both the elongate body 802 and a collector
electrode 906. The collector electrode can be located remotely on a patient’s body, for
example, placed under a patient’s back on an operating table. In other embodiments, the
collector electrode 906 can be co-located on the elongate body 802 or it can be located on a

second elongate body positioned nearby the elongate body 802.

[0070] The power source 904 can deliver Rl energy from the electrode 805 to the collector
electrode 906 by passing electrical current through the elongate body 702. The two power
sources 802, 804 do not share a common electrical ground and therefore remain electrically
isolated from one another. This ensures that power from the source 902 heats only saline
flowing within the elongate body 802, while power from the source 904 heats only tissue
surrounding the elongate body 802. The spacers and insulating materials discussed above
prevent a short between the two wires 810, 812 that can result from the wires touching each
other or simultaneously contacting the elongate body 802. One skilled in the art will
appreciate that a variety of combinations of spacers and insulating materials covering the
wires and/or the inner walls of the elongate body can be used to prevent such an electrical

short circuit.
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[0071] In an exemplary embodiment, as saline solution is pumped through the elongate
body’s inner lumen 706, the saline can be heated above body temperature by the power
source 802, preferably to between about 50° C and about 70° C. This can be accomplished
by delivering RF energy to the fluid within the inner lumen 706 via the wires 710, 712. For
example, typical fluid enhanced ablation therapy operating parameters involve the application
of 20 volts or more to the wires 710, 712. In some embodiments, the applied voltage can go
as high as 120 volts and, in some embodiments, can be about 30 volts (e.g., 31.25 volts in one
embodiment). The heated, flowing saline solution can be subsequently injected into tissue
surrounding the elongate body 702 via the outlet ports 708 at a variety of flow rates. For
example, in some embodiments fluid can be ejected from the elongate body 702 at a flow rate
of about 10 ml/min. The delivery of heated fluid can be done independently or in
conjunction with the delivery of ablative energy from the power source 804. The operating
parameters of fluid enhanced ablation therapy can vary according to a number of factors,
including the desired therapeutic effect, the geometry and tissue properties of the treatment
volume, etc. By way of example, in one embodiment ablation therapy conducted in a
patient’s liver can heat saline to 50° C using 40 watts of power and deliver the saline at 10
ml/min for about 5 minutes. By way of further example, ablation therapy using these same
parameters can be delivered for only about 90 seconds when treating cardiac tissue. While
the particular properties of the intended treatment site will ultimately govern the selected
operating parameters, fluid enhanced ablation therapy typically involves the delivery of saline
at a rate between about 0 and about 20 ml/min. The saline is typically heated to between
about 50° C and 80° C using up to 80 watts of power and up to 120 volts. Fluid heated
according to these exemplary operating parameters can be combined with electrical energy
delivered directly to the tissue to conduct ablation therapy. In some embodiments, up to 100

waltts of power can be applied to the tissue from, for example, an emitter electrode.

[0072] While the preceding discussion has described a two wire, two spacer heating element
configuration, other configurations are possible as well. Further information on heating
elements for use in fluid enhanced ablation therapy is available in U.S. Patent No. 6,328,735
to Curley et al. and U.S. Pat. Appl. No. 13/445,036, filed on April 12, 2012, and entitled
“Methods and Devices for Heating Fluid in Fluid Enhanced Ablation Therapy.” The contents

of each of these references are hereby incorporated by reference in their entirety.
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[0073] Methods for the administration of fluid enhanced ablation therapy using the low
profile devices described herein are also provided. For example, a method for administering
fluid enhanced ablation therapy can include percutaneously inserting a distal end of an
elongate body of an ablation device into a patient’s body. The method can further include
manipulating the distal end of the elongate body within the patient’s body using a low profile
handle coupled to the proximal end of the elongate body and having a longitudinal axis that
extends at an angle to a longitudinal axis of the elongate body. Finally, the method can
include delivering fluid through the elongate body of the ablation device into tissue
surrounding the distal end of the elongate body while simultaneously delivering energy into

tissue surrounding the distal end of the elongate body.

[0074] Manipulating and delivering fluid and energy through a low profile device having a
handle extending at an angle to the longitudinal axis of the elongate body can reduce the
amount of clearance required around a patient due to the decreased overall length of the
ablation therapy device. Furthermore, the decreased clearance space can allow fluid
enhanced ablation therapy procedures to be carried out in conjunction with medical imaging

without having to repeatedly remove and reintroduce the ablation devices being used.

[0075] For example, in some embodiments, methods for administering fluid enhanced
ablation therapy can include imaging at least a portion of the patient using a medical imaging
apparatus. When the low profile devices and methods of the invention are utilized, imaging
can occur simultaneously with any of the method steps for manipulating the devices or
delivering fluid and energy into tissue surrounding the elongate bodies inserted into tissue.
Still further, in some embodiments, both the method steps for manipulating the devices and
delivering fluid and energy into tissue can be conducted inside a medical imaging apparatus,
such as the CT scanner 400. Other exemplary medical imaging apparatuses include, for

example, an MRI scanner, an ultrasound scanner, and an X-ray scanner.

[0076] In other embodiments, the methods of the invention can also include heating the fluid
inside the elongate body prior to delivering the fluid into the tissue surrounding the elongate
body. This can be accomplished, for example, by passing energy through one or more wires

disposed within the inner lumen of the elongate body, as discussed above.

[0077] The low profile devices disclosed herein can be designed to be disposed after a single

use, or they can be designed for multiple uses. In either case, however, the devices can be
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reconditioned for reuse after at least one use. Reconditioning can include any combination of
the steps of disassembly of a device, followed by cleaning or replacement of particular
pieces, and subsequent reassembly. In particular, a device can be disassembled, and any
number of the particular pieces or parts of the device can be selectively replaced or removed
in any combination. Upon cleaning and/or replacement of particular parts, a device can be
reassembled for subsequent use either at a reconditioning facility or by a surgical team
immediately prior to a surgical procedure. Those skilled in the art will appreciate that the
reconditioning of a device can utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such techniques, and the resulting

reconditioned device, are all within the scope of the present invention.

[0078] For example, the devices disclosed herein may be disassembled partially or
completely. In particular, the elongate body portion of any device can be removed from the
handle portion of the device, or the elongate body and handle can be decoupled from the
electrical and fluid connections joining the device to the remainder of the fluid enhanced
ablation system. In other embodiments, solely the distal portion of an elongate body (e.g., on
the portion that extends into a patient’s body) can decouple from a proximal portion that can
remain connected to the handle of the device. In yet another embodiment, the handle,
elongate body, and connections can be removably coupled to a housing that contains, for
example, the fluid reservoir, pump, and power supply and controller shown in FIG. 2. These
are exemplary disassembly steps only, as any component of the device can be configured to

separate from the device for cleaning and/or replacement.

[0079] Preferably, the devices described herein will be processed before surgery. First, a
new or used instrument can be obtained and, if necessary, cleaned. The instrument can then
be sterilized. In one sterilization technique, the instrument is placed in a closed and sealed
container, such as a plastic or TYVEK bag. The container and its contents can then be placed
in a field of radiation that can penetrate the container, such as gamma radiation, x-rays, or
high-energy electrons. The radiation can kill bacteria on the instrument and in the container.
The sterilized instrument can then be stored in the sterile container. The sealed container can

keep the instrument sterile until it is opened in the medical facility.

[0080] In many embodiments, it is preferred that the device is sterilized. This can be done
by any number of ways known to those skilled in the art including beta or gamma radiation,

ethylene oxide, steam, and a liquid bath (e.g., cold soak). In certain embodiments, the
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materials selected for use in forming components such as the elongate body may not be able
to withstand certain forms of sterilization, such as gamma radiation. In such a case, suitable

alternative forms of sterilization can be used, such as ethylene oxide.

[0081] All papers and publications cited herein are hereby incorporated by reference in their
entirety. One skilled in the art will appreciate further features and advantages of the
invention based on the above-described embodiments. Accordingly, the invention is not to
be limited by what has been particularly shown and described, except as indicated by the

appended claims.

[0082] What is claimed is:
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CLAIMS:

1. An ablation device, comprising:
an elongate body having
proximal and distal ends,
an inner lumen extending longitudinally through the elongate body, and
at least one outlet port formed in the elongate body configured to deliver fluid
to tissue surrounding the elongate body;
at least one ablation element disposed along a length of the elongate body adjacent to
the at least one outlet port and configured to deliver energy to tissue surrounding the elongate
body;
at least one heating element disposed within the inner lumen of the elongate body and
configured to heat fluid passing therethrough; and
a handle having proximal and distal ends, the distal end of the handle being coupled to
the proximal end of the elongate body;
wherein a longitudinal axis of the elongate body extends at an angle to a longitudinal

axis of the handle.

2. The ablation device of claim 1, wherein the angle between the longitudinal axis of the
elongate body and the longitudinal axis of the handle is in a range of about 10 degrees to

about 120 degrees.

3. The ablation device of claim 1, wherein the angle between the longitudinal axis of the
elongate body and the longitudinal axis of the handle is in a range of about 30 degrees to

about 100 degrees.

4. The ablation device of claim 1, wherein the angle between the longitudinal axis of the
elongate body and the longitudinal axis of the handle is in a range of about 45 degrees to

about 90 degrees.

5. The ablation device of claim 1, wherein the angle between the longitudinal axis of the

elognate body and the longitudinal axis of the handle is about 90 degrees.

6. The ablation device of claim 1, wherein the handle includes an inner lumen extending

therethrough.
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7. The ablation device of claim 6, wherein the inner lumen extending through the

elongate body is in communication with the inner lumen extending through the handle.

8. The ablation device of claim 1, wherein the handle is contoured along a longitudinal
length thereof.
0. The ablation device of claim 1, further comprising an insertion stopping element

slidably disposed on the elongate body.

10. The ablation device of claim 1, wherein the handle is formed from a non-magnetic
material.
11. The ablation device of claim 1, wherein the handle includes a surface texture to

improve a user’s grip of the handle.

12. The ablation device of claim 1, wherein the at least one heating element comprises at
least one wire and at least one spacer, the at least one wire being configured to pass energy

through the fluid flowing through the inner lumen of the elongate body.

13. A method for administering fluid enhanced ablation therapy, comprising:

percutaneously inserting a distal end of an elongate body of an ablation device into a
patient;

manipulating the distal end of the elongate body within the patient using a low profile
handle coupled to the proximal end of the elongate body and having a longitudinal axis that
extends at an angle to a longitudinal axis of the elongate body;

delivering fluid through the elongate body of the ablation device into tissue
surrounding the distal end of the elongate body while simultaneously delivering energy into

tissue surrounding the distal end of the elongate body.

14. The method of claim 13, further comprising imaging at least a portion of the patient

using a medical imaging apparatus.

15. The method of claim 14, wherein imaging occurs simultaneously with any of the

manipulating step and the delivering step.

16. The method of claim 14, wherein the patient is positioned within the medical imaging

apparatus during at least a portion of the method.
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17. The method of claim 14, wherein the manipulating step and the delivering step are

conducted inside the medical imaging apparatus

18. The method of claim 14, wherein the imaging apparatus is selected from the group
consisting of an X-ray Computed Tomography (CT) scanner, a Magnetic Resoncance

Imaging (MRI) scanner, an ultrasound scanner, and an X-ray scanner.

19. The method of claim 13, further comprising heating the fluid inside the elongate body

prior to delivering the fluid into the tissue surrounding the elongate body.
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